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ABSTRACT

The Permo-Carboniferous succession in the Gulf of Suez region is subdivi-
ded into: the Abu Thora Formation (Late Visean-Early Westphalian), the
Abu Durba Formation (Middle Westphalian), and the rheimer Formarion
(Late Westphalian/Stephanian-Eacly Permian), The Abu Thora and Abu
Durba formations of Sinai are coeval with the Abu Da-ag Formation in the
Northern Galala. The Aheimer Formation corresponds to the Ataqa
Formation in the subsurface of the Gulf of Suez. These clastic-dominated
deposits reflect shallow subridal, prograding shoreline and fluviarile condi-
tions. They overlie conformably open marine Early Carboniferous carbonates
of the Um Bogma Formation and are overlain unconformably by conrinental
red bed succession of Late Permian-Triassic age known as the Qiseib
Formation. The whole Carboniferous-Permian succession in the region is
bounded by two unconformities; a lower one resulted from the removal of
the underlying Early Palacozoic and the basal beds of the Early
Carboniferous, and an upper one manifested by the partial erosion of the
Permo-Carboniferous deposits from the arca. Stratigraphic correlations with
equivalent units recorded from the southern Peri-Tethyan basins indicate
that great areas of North Africa and the Near East were situated near the
southern margin of the Tethyan seaway during most of the Late
Carboniferous-Early Permian time.
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RESUME

Les afflenrements d'age carbonifére et permien de la région du golfe de Suez,
Egypte : ma’fmtiorl er corrélation stratigraphique. La succession permo-carbo-
nifere dans la rcglon du golfe de Suez est subdivisée en : la Formation Abu
Thora (Viséen supérieur Wu‘.rphallen inférieur), la Formarion Abu Durba
(Westphalicn moyen) et la Formation Aheimer (Westphalien supéricur/
Stéphanien-Permien inférieur). Les formarions Abu Thora et Abu Durba du
Sinai sont contemporaines de la Formation Abu Darag dans le Galala septen-
trional, La Farmarion Aheimer correspond 4 la Formarion Arqa en subsurfa-
ce dans le gulfe de Suez. Ces dépits 2 dominance dastique refléent des
conditions subridales peu profondes, ligne de rivage et Quviatile. 1ls reposent
en confarmité sur les carbonates maring ouverts d'dge carbonifere inférieur de
la Formation Um Bogma et sonr recouverts en discordunce par une succes-
sion continentale 3 bancs rouges du Permien supérieur-Trias, la Formartion
Qiseib. La succession permo-carbonifire de la région est limiée par deux dis-
cordances : I'inférieure qui résulte de I'érasian du Paldacoique inférieur et des
bancs inférieurs du Carbonifere inférieur et la supéricure qui se manifeste par
I'érosion partielle du Permo-Carbonifére dans la région. Des corrélations
srratigraphiques avec les bassins du domaine Sud péritéthysien indiquent que
le Nord de 'Atrique et le Prache-Orient égaient situés prés de la marge sud

olfe de Suer,
Proche-Oient.

INTRODUCTION

Of the Palaeozoic of Egypt. the Carboniferous-
Permian rocks are sporadically exposed on both
sides of the Gulf of Sucz. Good ourcrops are stu-
died from west-central Sinai at Um Bogma,
Wadi Feiran and Abu Durba, and west of the
gulf in the Northern Galala, Abu Darag, Wadi
Araba and in Wadi El-Dakhel (Fig. 1). Despite
numerous investigations over the last century,
stratigraphic correlations of the Late Palacozoic
successions in the region remained controversial
and differcim lithoscratigraphic schemes have
been proposed by various authors (Fig. 2). The
summary of stratigraphic subdivisions of the
Palacozoic rocks in Egypt outlined by Abdallah
(1992) emphasises the greac dispute between dif-
ferent authors concerning some of the rock units.
The objective of rthis paper is twofold: (1) to
bring together in a single document a compre-
hensive summary of what is now known of the
stratigraphy of the Permo-Carboniferous rocks
exposed in the Gulf of Suez region and to esta-
blish a unified stratigraphic scheme, and (2) to
correlate this succession with synchronous units
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de la Téihys pendanc le Catbonifere supérieur et le Permien inférieur.

known from other countries in the Middle East.
Much of the text is devored to a systematic
account of the stratigraphic classification of the
Permo-Carboniferous in the area. Within indivi-
dual seratigraphic units, local rock sequences are
described and tllustrated. These local sections are
related to each other and to equivalent rock
sequences outside the Gulf of Suez region to
depict the distribution, lateral changes, age and
gaps in the stratigraphic recotd necessary to
untaveling the geologic history of the region.

The literature dealing with the subject has been
recently reviewed and the hiswory of the palacon-
tological research has been outlined by Kora
(1995a, b). Therefore, only some significant
publications are cited herein. Mactofloral ele-
ments are quoted from Lejal-Nicol (1990) whe-
reas the microfloral assemblages are coneluded
from Kora (1993). Also, the micro- and macro-
fauna are summed up from the works of Kora
(1989), Kora & Mansour (1991, 1992) and Kora
(1992) which are utilizing some data from carlier
literature, The present study has also gained
much from the tectono-sedimenrary synthesis
and facies interpretations given by Issawi & Jux
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FiG. 1. — Location map of Permo-Carboniferous outcrops (hatched areas) in the Gulf of Suez region.

(1982), Jux & Issawi (1983), Keeley (1989),
Abdallah er 4/, (1992), Darwish (1992),
Weissbrod (1994) and Issawi (1996).

However, many gaps still exist and the present
biostratigraphic zonation is only renrative.
Obviously, these suceessions teed to be closely
investigated to look for more reliable fossils in
these rarely fossiliferous clastic-dominated succes-
sions. Scattered land mines drifted in the area
partly make it dangerous. Nevertheless, the domi-
nant depositional environments could be conclud-
ed from macro- and microfacies interprerarions,
The biostrarigraphy of the Early Carboniferous
richly fossiliferous carbonates of Um Bogma
Formation is not included in this study.

GEODIVERSITAS « 1998 » 201 (4)

LITHOSTRATIGRAPHY

The Permo-Carboniferous succession exposed in
the Gulf of Suez region consists mainly of sand-
stones and shales intercalating minor siltstones
and sandy dolostones. Tn Sinat, this succession
overlies conformably Eady Carboniferous carbo-
nate sequence known as the Um Bogma
Farmartion. The Permo-Carboniferous deposits
are overlain unconformably either by Permo-
Triassic red beds of the Qiscib Formation or by
Early Cretaceous pebbly sandstones of the Malha
Formation.

The first priority of this study was to establish a
reliable stratigraphy. The suggested lichostraci-
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graphic scheme is fundamentally a compilation
of the works of Abdallah & El Adindani (1965)
and Kora (1992, 1995a, b). The stratigraphy
adopted here is partly based on and supported by
some palacontological and palynological studies
carried out by the author as well as other workers
on the Palaeozoic of Egypt and adjacent countrics.
The Carboniferous clastic succession of Sinai is
subdivided inta the Ahy Thora Formation and
the overlying Abu Durba Formation: Equivalenr
rocks exposcd on the wesrern side of the Gulf of
Sucz are overlain by the Permo-Carboniferous
Ahcimet Formation. The following comments
summarize the characeeristics of these lithostrat-
graphic units.

ABU THORA FORMATION

Nomenclature

This unic refers to the Late Carboniferous sand-
stone described by Ball (1916) from west-central
Sinai. It was given different names including
Ataka Series (Kostandi 1959), upper sandstone
formation (Omara & Schulwz 1965), Ataqa
Formation (Weisshrod 1969; Said 19713 Klitesch
1990), Ataqa Group — El-Hashash, Magharet El
Maiah and Abu Zarab formadions (Seliman & El
Fetouh 1969) -, lower parc of El Tih Sandstone
(Omara 1971}, Abu Thora Formation
(Weisshrod 1980; Kora 1984) and Abu Thora
Member of Rod El Hamal Formation (Beleiry er
al. 1986). Tn the Northern Wadi Qena-Wadi El-
Dakhel, equivalent deposits were named Gilf
Formation (Issawi & Jux 1982) and Somr El Qaa
Formation (Klitzsch 1990).

Recently, the name Abu Thora Formation has
gained wide acceptance and was subsequently
used by most investigators, e.g. El Sharkawi ez 4l.
(1990), Marsy et al. (1992), Abdallah ez al.
(1992), El-Fawal (1994), Kora (1992, 1993,
19952, b), El Agami (1996) and El Sherbini
(1996),

Type section and locality

Wadi Abu Thora (lat. 29°02°N and long.
33°24’E), near U Bogma, west-central Sinai
with a thickness of 190 m. Weissbrod (1969) dis-
tnguished two members of the formation: a
sandy-clayey member at base and a sandy-quart-
zitic member at top.
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Reference sections

Abu Rodeiyim boreholes on the southern side of
Wadi El Hommur, north of Um Bogma (200 m
thick), A second reference section is measured
near Wadi Sidri (80 m thick) and a third one
(68 m thick) iy studied from Wadi Nidia El
Samra on the southern side of Wadi Feiran. A
fourth less developed rcterence section (50 m
thick) is recorded from Gabal Ekina in the Abu
Durba area (Fig. 3).

Boundaries

[n the Um Bogma area, the Abu Thora
Formation overlics conformably the Early
Carbonifcrous dolostones of Um Bogma
Formation and underlies unconformably the
Permo-Triassic red beds of Qiseib Formation
with a local basaltic intrusion in-between. The
basaltic rocks of Farsh El-Azraq, Wadi Abu
Natash and Wadi Budra are related to Early
Triassic-Middle Jurassic volcanic phases
(Weisshrod 1969; Saleeb-Roufaiel ez 2l 1989).

tn Abu Durba and Wadi Nidia El Samra wo the
south of Wadi Feiran, the Abut Thora Formartion
overlies unconfurmably Early Palacozoic sand-
stones with a thin conglomeracic bed ac the
contact. [n thar pardcular area, the formadon is
overlain conformably by the Carboniferous shaly
succession of Abu Durba Formarcion (Fig. 3). In
Wadi Bl-Dakhel of the norch Eastern Deserr, the
Abu Thora Farmation is unconformably overlain
by Early Cretaceous clastics of the Malha
Formadon (Fig. 4), reflecring a wider time gap of
the unconformity than that present in the type
area (Abdallah et @l 1992).

Description

This is a dominantly light-coloured sandstone
succession with occasional dark brown and yello-
wish brown layers, alternating with silty shales
and kaolinitic claystones, carbonaccous in places.
The formation counld be subdivided into a lower
“kaolin/coal-bearing”™ member and an upper
“glags sand” member,

The lower member is distributed all over west-
central Sinai, decreasing in thickness from 140 m
in the Um Bogma area to about 70 m in the
Wadi Feiran area and 30 m in the Abu Durba
area (Fig. 3). This member is made up of pinkish
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white and yellow thick-bedded sandstones inter-
calating some mudstones and shales. Cross bed-
ding, mainly of the tabular-plauar type, but also
wedge and convolute beddiug are observed. The
planar scts arc 50-100 cm in thickness, 2-3 m in
length and geucrally dip 20°-30° towards north.
Ripple marks and flac horizontal laminations are
observed in the fine silty intercalations near the
top of the member. At Wadi Nidia El Samra to
the south of Wadi Feiran, the basal part of this
member includes 3 m thick biturbated shale
layer overlying directly the conglomeratic band
separating the Abu Thora Formation from the
Early Palacozoic clastics.

Two carbonaceous shale horizans with coal
streaks were recorded from the continuously
cored succession of the Abu Rodeiyim boreholes
in the northern Um Bogma area. The lower level
is about 17 m thick directly overlying the marly
dolostones of Um Bogma Formation. A kaolini-
tic claystone bed (3 m thick) is recorded in an
interval about 20 m above it. The upper carbo-
naceous shale bed is 100 m above the lower one.
It varies in thickness between 3 and 20 m and is
underlying directly the upper “glass sand™ mem-
ber. At Wadi Abu Thora, the lowet carbonaceous
shale intercalarion (9 m thick) appears some
70 m above the Um Bogma dolostones and the
upper clay is 30 m ahove it. The kaolin beds
exploited at Wadi Khaboba and Gabal Hazbar in
the Um Bogma arca are stratigraphically lower
than that in Wadi Sidri arca, This indicates chat
the kaolinitic claystones and carbonaceous shale
horizons in the Abu Thora Formation are not
confined to a certain level in the formation.

The sandstone-kaolinitic modstone facies of the
lower member of Abu Thora Forniation in the
Um Bogma and Wadi Feiran areas yielded badly
preserved brachiopods and marine ichnofossils
indicating a remnant of the shallow marine
conditions that prevailed carlier in the
Carboniferous duting deposition of the Um
Bogma carbonates. The carbonaceous shale hori-
zons yielded lepidudendroid flora and miospores
of pteridophytic affinity, Thus, the litho- and
biofacies encountered reflect grudational environ-
ments between coastal marine, swampy delaic
and fluviatile (Fig. 5).

The upper “glass sand” member is recorded
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assentially fram the central and northern parts of
the Um Bogma arca with an average chickness of
60 1n. Glass sand is currently exploiced at Um
Rodeiyim, El Qor and Wadi Khaboba. It is also
quatried from rhe notrthern Wadi Qena-Wadi El-
Dakhel stretch in the Eastern Desert. This mem-
ber was not recorded from Wadi Feiran and Abu
Durba areas duc to erosion or even noan-deposi-
tion. "T'he quartied white sand incerval is usually
in the range of 4-10 m of friable clean well-
sorted and rounded medium to fine grained
quatzitic sandstone. Many sandstone beds are
structureless, deeply weathered and contain nei-
ther clays nor carbonates, bur enclose some gra-
nules and coarse sand grains. The white
sandstones are in places irregularly- ro rabular-
planar cross hedded. Badly preserved moulds and
casts of indeterminace pelecypod and brachiopod
remains were recorded from the weakly consoli-
dated bioturbared sandstones of Wadi Khaboba
near Um Bogma and Wadi El-Dakhel iv the nor-
thern Eastern Desert, reflecting the dominance
of marginal marine and fluviatile depositional
environnents.

Fossil content and age

The Abu Thora Formarion contains faunal and
floral elements. A Late Visean-Early Namurian
marine macroinvertebrare fauna including the
brachiopod Orthuteres subglobosus Gicty (Fig. 5)
and the hydrozoun Plectodisers sp. was described
front the kaolinitic mudstone horizon at Wadi
Khaboba in the Um Bognma area (Kora 1992). A
marginal marine thanarocoenosis was recorded
from the white sandstane of Wadi Fl-Dakhel in
the north Eastern Desert (Jux & Issawi 1983).
Most commen is the brackish to fresh-water
pelecypod Anthraconaia Trueman et Weir; next
comes typical marine molluscs (Belleropbhon
Montfort, Cypricardella Hall, Edmondia De
Koninck, erc.) and rare brachiopods
( Dictyoclosties Muir-Wood, Sehizophoriz King and
Rbspicomella Oehlert).

In the Wadi Feiran area, the Abu Thora
Formation has yielded a broad variety of trace
tossils of which three forms do have stratigraphic
potential: Cruziana carbonaria Seilacher,
! Cruziana costata Scilacher and Margavitichnans

reptilis (Bandel). According to Seilacher (1990),
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the Margaritichnus specimen from Sinai is identi-
cal in form and size with material from the Late
Carboniferous of North America.

In the Um Bogma arca, the argillaccous horizons
of the Abu Thora Formation yielded rare finely
agglutinated to granulated calcareous foramini-
fers belonging to species of Lugtonia Cummings,
Nodosinella Brady and Earlandiniia Cummings
which range through most of rhe Carboniferous.
Howevet, an archaediscid foraminiferal assembla-
ge was described from equivalent deposits inclu-
ded in the basal parc of the Abu Darag
Formation on the western side of the Gulf of
Suez (Kora 1995b). The fossil specrra in that
interval include Archaediscus karrert, A. spira,
A. ex gr. akehimensis and Asteroarchaediscus ex gr.
rugosus, painting to a latest Viscan-carliest
Namurian transition.

Plant remains have long been known from the
Abu Thora Formation (Fig. 5). These consist
essentially of stem, root and leaf impressions of
Lepidodendron, Lepidodendrapses, Lepiduphloios,
Kuorria, Sigillaria. Calamites, Bathrodendron,
Noeggerathia, etc. and were recorded mainly (rom
the Um Bogma area in Sinai. Scward (1932)
reported that the Sinai fossils might belong to a
flora that floutished not far from the southern
shore of the Tethys Sea in the latter part of the
Early Carboniferous or in the early stages of the
Late Carboniferous. Similarly, Lejal-Nicol (1990}
concluded a Late Visean-Namurian age for a
similar assemblage recorded at Wadi Mukateab in
the Wadi Feiran area,

Palynomorphs were repeatedly recorded from the
Abu Thara Formation. Recently, Kora (1993)
described two miospore assemblages from the
carbonaceous shale horizons intercalating the
lower member of the formation in the Abu
Rodeiyim borcholes. Assemblage Zone A s res-
tricted to the basal part ol the formation and 1s
characterised by the common presence of
Raistrickia wigra, Spelacotrileies oweusi,
Dibolisporires montuastes, Retusotrileres incobarus
and Vallatisporites ciliaris suggesting 2 Larte
Visean age. Assemblage Zone B is restricred to
the 20 m interval just below the glass sand mem-
ber with a rich microtlora including Ruistrickia
fulva, Laevigarosporites vulgaris, Endosporites glo-
biformis, Lopbotriletes gibbosus and Verruco-
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sisporites donarii indicating an age ranging from

Namurian C to Westphalian A.

Geographic distribution aned local correlation

The Abu Thora Formadion is widely distributed
in the Gulf of Suez region. In west-central Sinai,
it is best developed in the centrul and northern
parts of the Um Bogma area where it attains its
maximum thickness (200 m). [t extends from
Wadi El Hommur and the upper teaches of
Wadi Khabobu, covering the broken plain of El
Qor, and suretches across Gabal Hazbar and
Gabal Ghorabi buc decreases to a thickness of
60 m in Gabal Ragaba castwards. It is also well
exposed in a rather narrow strip extending south-
wards through Wadi Budra, Wadi Sidri. Wadi
Mulbaitrab and crossing Wadi Feiran 1o Wadi
Nidia El Samra. The Abu Thora Formaton is
reduced in thickness ro abour 50 m in the Abu
Durba area (Fig. 3).

In the western side of the Gulf of Suez, the Abu
Thora Formation as described herein, corres-
ponds to the lower member (50 m chick) of the
formation described by Abdallah e 2/, (1992)
from Wadi El-Dakhel in the environs of Southern
Galala. Their upper member (20 m thick) is
mostly coeval with the Abu Durba Formation
described below. Similarly, the lower o units
(100 m thick) of the Abu Darag Formition
(Abdallah & Ll Adindani 1963} are timewise
equivalent to the present Abu Thora Formation;
the overlying two nnits (75 m thick) represent
essentially the shaly succession of the Abu Durba
Formation. Moreover, cquivalent deposits to the
Abu Thora Formation were penetrated by drilling
in Wadi Amba borehole-1, represented mostly by
unit 3 of Heymina e @/ (1983). This imterval cor-
responds to the upper part of Nubia “C member”
in the classification adopted by oil companies for

the Gulf of Suez wells.

AL DURBA FORMATION

Nowmenclature

A formation status for this unit was introduced
by Said (1971) who named it Durba Black
Shales or Durba Formadon (166 m thick), after
a lithologic description given by Hassan (1967)

to a 122 m thick sandstone and fossiliferous
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shale succession exposed in the Abu Durba area,
Sinai. It is a synonym with the Nubia “B mem-
ber” of the oil campanies classification. This unit
was incorrectly referred 1o as Aheimer Formation
by Weissbrod (1980), Issawi & Jux (1982) and
Allam (1989). Currently, the name “Abu Durba
Formation” is commonly used by most investiga-
tors (Klitzsch 1990; Kora 1989, 1992; El Agami
1996; El Sherhini 1996 and Issawi 1996).

Type section and localiry

East of El Belayim Bay. in the vicinity of Gabal
Abu Durba, southwestern Sinai (lar. 28"34" N
and long, 33°17" ). Another minor locality was
also found near the mouth of Wadi Feiran on the
eastern coast uf the Gulf of Suez (Iassan 1967).

Reference sections

Two sections were studied from the type area
(Kora 1989). The first (125 m thick) extends
through the southern slopes of Gabal Ekma,
immediately to the east of El Belayim Bay, The
other section (120 m thick) was studied on the
right hand side at the entrance of Wadi Feiran,
facing the Petrobel oil fields, Two addidonal sec-
tions are studied throughout the present work in
the Wadi Feiran area. The first (105 m thick) 1s
measured near Wadi Sidri at its junction with the
southern Wadi Budra. The second (140 m thick)
was collected from Wadi Nidia El Samra near the
contact with the basentent rocks on the southern

side of Wadi Feiran (Fig. 3).

Boundaries

In the type area and to the south of Wadi Feiran,
the Abu Durba Formation overlies conformably
the Abu Thora Formation and is unconformably
overlain by Early Cretaceons pebbly sandstones
of the Malha Formarion. "lo the north of Wadi
Feiran, near Wadi Sidri and Wadi Budra, the
Abu Durba Formarion is separated from the Abu
Thora Formation by a basaltic sill and is overlain
by the Permo-Triassic red beds of the Qiseib
Formation (Fig, 3). In Wadi Araba borchole-1 on
the western side of the Gulf of Suez, the Abu
Durba Formation (unit 2 of Hermina et af.
1983) is underlying conformably a Late Carbo-
niferous succession referred to as Rod El-Hamal
Formation. In the Abu Darag area, deposits equi-
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valent to the Abu Durba Formation which are
represented by the upper two units of the Abu
Darag Formartion (Abdallah & El Adindani
1965) are overlain unconformably by Permo-
Triassic red beds af rhe Qiscib Formarian. At
Wadi El-Dakhel in the northern Eastern Deserr,
rocks equivalent ro the Abu Durba Formation
(upper member of the Abu Thora Formation of
Abdallah ez 2l 1992) were overlain unconforma-
bly by the Malha Formation (Fig. 4).

Description

In the Abu Durba area, the formation could be
difterentiated lithologically into three horizons
(Fig. 3). The lower part is made up of dark grey
to black shales interbedding few laminated silt-
stone and thin-bedded grey sandstone beds. An
environment dominated by brackish water or
estuarine conditons is indicated from the pre-
sence of only arenaceous foraminifers of low
diversity (Fig. 5). The middle part is essentially
composed of white or multicoloured medium to
coarse grained sandstones ranging from thin bed-
ded to tabular-planar cross bedded. The tabular
sety are 20-30 cm in thickness and 3-4 m in
length. The upper part of the formation is cha-
racterised by the presence of a dark grey to green
fassiliferous shale horizon with two sandy dolos-
tone/dolomitic sandstone interbeds. The shale
containsg varicd marine fauna dominated by
bryozoans and brachiopods. A conspicuous
unfossiliterous reddish brown fine sandstone bed
separates the Abu Durba Formation from the
ovetlying light-coloured Cretaceous sandstones
of the Malha Formarion in that area. However,
in the Wadi Feiran area, the ditferentiation of the
Abu Durba Formation into three parts is not
possible, since the dark grey siltstone and shale
beds alternate with the ferruginous sandstones
throughout the whole succession. Also, the fossi-
liferous marine sandy dolostone interbeds are not
encountered (Fig. 3).

Fossil content and age

The lower part of the Abu Durba Formation in
the type area is characterised by an assemblage of
arcnaccous foraminifers dominated by
Glomospira diversa Cushman er Waters and
Nodosinelln aegyptiaca Said er Eissa (Fig. 5).
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Similar foraminiferal association is encountered
from the succession studied at Wadi Sidri. Planc
remains in the form of drifted logs of
Lepidodendron and Calamites were recorded from
the middle saudy interval of the formation,
whereas brvomam cover almost the entire bed-

ding plane surfaces of some shale beds in cthe
upper part and include species of Fenestelln,
Polypora, Fistulipora and Ascopora. These are asso-
ciated with the Middle Penusylvanian brachio-
pod Neospirifer cameratus (Marwon) together with
species of Reticulatin, Choristitella and Choristites.
Bryozoans and brachiopods of similar affinity
were recorded from the Wadi Araba borehole-1
(Hermina e al. 1983). This inrerval is characreni-
sed by the presence of a convdont assemblage
dominated by Idivgnathodus defivatus Gunnel
and Neognathodus medexultimus Menill (Fig. 5),
suggesting an Farly Moscovian age equivalent to
Westphalian B-C (Kora 1989).

Geographic distribution and local correlation

The Abu Durba Formation is recorded from
both sides of the Gulf of Suez. On the eastern
side, it is well-developed and best exposed in the
Abu Durba-Wadi Feiran area, particularly along
the western slopes of Gabal Ekma, Tt is not
encountered in the cencral and norchern pares of
the Um Bogma area (Fig, 3). This fossiliferous
mainly black shale succession is described from
Wadi Araba barehole-1, on the western side of
the gulf (Said 1971; Hermina er ol 1983), It has
been also recorded from many wells drilled by oil
companies in the Gult of Suez, e.g in the
Gharib, Bakr Ramadan, July, Ras Budran and
Belayim oil fields, and is usually referred to as
Nubia “B member”,

The present study considers che fossiliferous dark
coloured upper part (20 m thick) of the
Carboniferous succession exposed at Wadi El-
Dakhel in the northern Eastern Desert overlying
the workable glass sand (the upper shale-sand-
stone member of the Abu Thora Formation of
Abdallah ¢ al. 1992) vo repiesent the' Abu Durba
Formarion in that area, Deposits equivalent to
the Abu Durba Formation do occur in the Abu
Darag area and are included in the upper part
(75 m thick) of the Abu Darag Formaton of
Abdallah & El Adindani (1965). This interval
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yielded Westphalian microfossils (Omara 1965).
However, the succession cannot be collecred
fiom a single outcrop. The complicated fault
pattern and the wide distribution of Plio-
Pleistocene rerraces in the Abu Darag-Wadi
Araba arca make the distinction hetween the
clasdcs building up the Abu Thora and the Abu
Durba formations rather arbitrary. The present
stdy suggeses to keep applying the name Abu
Damg Formation for the Carhoniferous succes-
sion exposed around the Abu Darag Lighchouse
in the Northern Galala which is equivalent to
both the Abu Thora and the overlying Abu
Durba formations in Sinai (Figs 4, 5).

ANEIMER FORMATION

Newenclature

This unic was first named by Abdallah & El
Adindani (1965), cocval with the Ataqa
Formation (Suid 1971; Beleity er @/ 1986) and
with the upper parc of the Ataga Group or the
Rod El Hamal Formation as used by Darwish
(1992).

Type section and locality

‘Wadi Ahcimer, abouc 10 km S-SE of Ain Sukhna
on the eastern footglopes of the Northern Galala
massif (lat 29°31° N and long. 32°29" E); the
thickness is approximately 250 m. It was sub-
divided into 3 units; a lower unit: Shale member
(60 m), a middle unit: Limestone member
(90 m) and an upper unic; Silt-sandstone mem-

ber, 700 m chick (Said & Eissa 1969; Said 1971).

Reference sections

The Aheimer Formation is studied by the presenc
writer in the cliffs bordering Bir Aheimer bet-
ween road marks 67 and 68 km of the Suez-
Gharib road (162 m thick): another reference
section is well exposed at road mark 79 km. The
formation ranges in chickacss from 65 m around
Wadi Qiseib to more than 200 m slighdy to the
south of Ain Sukhna. The thickness of these
highly faulted sequences varies greatly from place
to place within shore distances.

Boundaries
In the study area, the base of the Aheimer For-
mation is not exposed, but it has been considered
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to rest conformably over or to interfinger with
the Abu Darag Formation (Klitzsch 1990) or the
Rod El Hanal Formation (Said 1971). It under-
lies without visible unconformity the Permo-
Triassic red beds of the Qiseib Formation. In
places where the red beds were removed, eg on
the northern foorwalls of Wadi Aheimer and the
northern face of Northern Galala, the Aheimer
Formation is overlain unconformably by the
Early Cretaccous Malha Formation (Swedan &
Kandil 1990; Darwish 1992).

Description

The Permo-Carboniferous exposures in the
Northern Galala form a narrow strip of dark-
coloured sandstones alternating with a number
of fossiliterous shale and dolostone beds, often in
a cyclic manner. Several fining upward sequences
of 10-20 m thickness were described by Bandel
& Kuss (1987). Fluviatile sandstones commonly
form the basc of the cycle while the top is domi-
nated by mudstones and dolomitized limestones
with diverse shallow marine fauna. It can be sub-
divided into three members (Kora & Mansonur

1992).

Lower member

This member is composed mainly of dark grey-
black fossiliferous papery shales. They are slightly
caleareous and intercalated with some yellow cal-
careous sandstone beds. It is most chick (60 m)
south of Bir Abu Darag. About 34 m of this unit
are exposed in the clifls overhanging the asphal-
tic road of Suez-Ghuirib in two localities studied
at road marks 68 and 79 km. The basal shales are
rich in crinoidal columnals, bivalves, corals, bra-
chiopods and bryvzoans, retlecting shallow nor-
mal marine conditions. A low encrgy environ-
ment is suggested by the presence of delicate
fenestrate bryazoans as well as the preservation of
most crinoids in growth position. Trace fossils in
the form of simple vertical and deep burrows are
frequently encountered in the silty shale facies
near the top of rhis member, indicating a margi-
nal “intertidal” environment. So, a sheltered
shallow marine environment changed to interti-
dal “lagoonal-deltaic” conditions during the
deposition of the upper part of the lower mem-

ber (Fig. 5).
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Middle Member

'This unit is made up of yellowish brown sand-
stones intercalated with few grey siltstone and
caleareous sandstone beds. Along the measured
section at road mark 68 km three to four thin
hard brown crinoidal dolostone. beds are encoun-
tered in this memiber which yielded some thin
shelled brachiopods. According to Abdallah & El
Adindani (1965). this member is best developed
(106 m thick) in the eliffs chat border Wadi
Aheimer. There, it is characterised by the presen-
ce of six crinvidal limestone horizons and five
fossiliferous sandy limestone beds. These rocks
are assuciated with sandstones showing common
small-scale herringbone cross bedding. The angle
of inclination is 15-20” in two opposite direc-
tions forming chevrons. This suggests a partly
intertidal depositional environment for the hasal
abd top beds of this member. The characieristic
microfacies of this member is an alternation of
caleareous siltstone, sandy crinoidal dolostone
and dolomitized algal grainstone. Wichin the cur-
bonate facies, characteristic thali of encrusting
phylloid (leaf-like) algae have been observed
associated with rare calcareous foraminiters.
These dolostone thin beds have yielded thin-
shelled brachiopods together with other shell
fragments in a clean, grain-supported fabric.
'I'his association indicates deposition in a shal-
low, well-lighted subtidal environment (Fig. 5).

Upper inember

This member is composed of yellow-grey thick-
hedded fine-medium grained sandstones with
few light to dark grey siltstone interbeds. The
unit attains an average thickness of 100 m ar
Wadi Aheimer, It thins to only 40 m in the nor-
thern face of the Northern Galala. Tabular-
planar cross bedding is the dominant sediment-
ary structure observed, The sandsrones are most-
ly quartz arenite, partly lerruginous and pardy
argillaccous. Rare badly preserved agglutinated
foraminifers are the only microfossils which
could be separated from the intercalating sile-
shale horizons. Thesc indicate a marginal envi-
ronment containing some brackish lagoons and
swamps. This environment mighe have been
changed to fluviomarine conditions near the base
and top of the succession (Fig. 5), where large-
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scale tabular bedding is more conspicuous in
coarse ferruginous pebbly sandstones.

Fossil content and age

The Permo-Carboniferous succession of the
Aheimer Formation yielded a variety of macto-
and microfannal and floral associarions. The
lower member is the richest fossil-bearing hori-
zon encountcred. It yielded an interesting rugose
coral fauna described by Herbig & Kuss (1988)
and Kora & Mansour (1991). The coral fauna
includes typical Lare Carbaniferous “West-
phalian D-Stephanian” forms e.g. Roti-phylium
sokolovi (Fomichev) and Bothrophylinm pseudoco-
nicum Dobrolyubova, in addition to species
belonging tw the gencia Paraduplopbyllun Wa et
Zhou, Lytvolasma Soshkina, Verbeekiella Penecke
and Assimdia Fedorowski, which are known to
cross the Carboniferous/Permian boundary.
These corals are associated with characteristic
Late Carboniferous brachiopods like
Anthracospirifer sp. and Rugosochonetes californi-
cus Watkins. Moreover, a rare Late Catboniferous
conodonr fauna dominated by Stiepiognathedus
spp. was described from this interval (Omara &
Kenawy 1966; Said & Elssa 1969). Some impor-
tant calcareous foraminifers including Hemi-
gordius harlton! Cushman et Warters, Pseudo-
bradyina cf, pulchra Reidinger, ete, were also
recorded (Herbig & Kuss 1988) from this mem-
ber (Fig. 5).

The middle member of the Aheimer Farmation
yielded an Early Permian asseciation dominated
by Rhipidamella cordialis Grant in addition ro
species of the gencra Composita Brown and
Dielasma King. On the other hand, a fossil flora
derived from rocks overlying the Carboniferous
dolostones of the Alieimer Formation ar Bir
Qiseib was determined by Lejal-Nicol in Bandel
& Kuss (1987). The flora includes abundant
branches of Coniferophytu and less common
leaves of Preridophylla; the stratigraphic range of
which is uppermost Carboniferous-Earl
Permian. A typical Permian flora dominated by
Callipteris conferta (Sternberg) and Cordaites sp.
were described by Lejal-Nicol (1990) from depo-
sits belonging to the upper member of the
Aheimer Formartion in the Wadi Araba area.
These deposits yielded also Early Permian fossil
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algae including Ortonella morikawai Endo,
Solenopora texana Johnson and Osagia incrustata
Twenhofel (Oniran & Khalifa 1988).

Thus, the Aheimer Formation ranges in age from
the Late Carbaniferous in its lower member to
the Early Permian in the upper member (Fig. 5).
This age assignment is quite accepred by almost
all investigatots, except Issawi (1996) who claims

that the Aheimet Formarion is Triassic in age.

Geographic distribution and local correlarion

‘The Ahcimer Formution is recorded in outcrops
only from the western side of the Gulf of Suez. Tt
is well exposed in the low dliffs facing the Gulf of
Suez between Wadi Qiseib and Wadi Maa
Sweilim. The rocks of rhis formation are
upthrown against Cretaceous-Tertiary strata to
the north of Wadi Aheimer, The landscape chan-
ged deastically in the last few vears. The area is
being prepared for investment: the infrastruc-
rures of many industrial and tourism projects
were already constructed. Consequently, several
faultblacks are destroyed and partly removed.
The nocchernmost known ottcrop (166 1 thick)
is that described by Swedan & Kandil (1990)
frarn Wadi Um Reseis in the nocthern face of the
Norchern Galali. Equivalent rocks ate recorded
fram the subsurtace of the northern part of the
Gulf of Suez r.g. Ataga-1 and GS9-1 wells, The
southernmost outcrops belonging to this unit are
described from Wadi Acaba along the southern
tootslopes of the Northern Galala Platcau, This
locality was considered as che type section of the
Rod El-Hamal Foermation (Abdallah & El-
Adindani 1965),

The “transitional strata” exposed in the cliffs bet-
ween Wadi Bir Abu Darag and Wadi Bir Abu
Sandug show a general resemblance with — and
are equivalenr to — the upper member of the
Aheimer Formation (Said & Eissa 1969).
However, Abd El Shafy & Ahd El Azeam (1990)
placed the “transitional strata” on rop of the
Aheimer Formation in spitc of the absence of
diagnostic fossils that may confirm such strati-
graphic position. Moreover, Darwish (1992) pre-
fered to relate all the Late Palaeozoic rocks
exposed in the Northern Galala Plateau to ane
tormal unit; the Rod El Hamal Formation,
rather than to two or three formartions (Fig. 4).
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He considered this upper member of the
Aheimer Formation ro overlie unconformably
the middle member, contrary to all other invesu-
gators, and correlated it with the Jurassic-Early
Creraceous sequence of Malha Formation.

DEPOSITIONAL HISTORY AND
REGIONAL CORRELATIONS

The oldest adequately dated Carboniferous
deposits exposed in the Gulf of Sucz region are
the marine carbonates (40 m thick) of the Um
Bogma Formation known only from west-central
Sinai. The Early Carboniferous faunas wichin
this phase are of subtropical character. Oxygen
isotope values suggest that the water temperature
was 25°-28°C (Kora 1984). Based on 1sopach
contour maps, litho- and biofacies, it has been
suggested thar the Um Bogma arca was submer-
ged during Middle-Late Visean time by a shallow
transgressive sea with a shoreline runping gene-
rally NE-SW and an open sea towards the NW
(Kora et al. 1994).

From the faunal assemblages, there Is evidence
suggesting free communication with other areas
in the Tethyan Realm, even though marine time-
equivalent rocks have not yet been recorded in
eastern Sinal, southern Israel-Palestine nor
Jordan. The probable reason for the absence of
this unit from mose Near East localities is a
major epeirogenic uplift during the Hercynian
structural event. Erosion removed most of the
Early Palacozoic and a grearer part of the Early
Carboniferous from eastern Lgypr. Regional stra-
tigraphic evidence 1ndicates thar this Late
Devonian-Early Carboniferous event was confi-
ned to a relarively narrow belt extending from
the Gulf of Suez area to the vicinity of NE Syria
and SE Turkey (Kohn et 2l 1992). Although
subsequent marine transgressions affected nor-
thern Egypt, probably only marginally, no major
Late Devonian-Early Carboniferous erosion is
recorded in the north Western Desert of Egypt
and eastern Libya (Keeley 1989).

The Um Bogma carbonates are followed by a
200 m thick clastic sequence of the Abu Thora
Formation. It is a sandstone-dominated succes-
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sion intercalated with some kaolinitic claystone
and carhonaccous shale beds, recorded from both
sides of the Gulf of Sucz. The litho- and biofa-
cies encounrered reflect gradational environ-
ments between coastal marine-swampy deltaic
and fluviatile (Fig. 5). The association of badly
preserved brachiopods and matine trace fossils in
the kaolin/coal-bearing lower member refets to a
remnant of the shallow marine conditions that
prevailed earlier. The carhonaccous shalc inter-
vals yielded palynofloras of Late Visean-Eatly
Westphalian (= mastly Serpukhovian-Bashkitian)
age associared with some reworked Early
Palaeozoic acritarchs (Kora & Schultz 1987) and
chitinozoans which may be derived originally
from Late: Devonian Sinaicc-Negev palaco-high
(Zaslavskaya et al 1995).

The Abu Thora Formarion thins towards the
Abu Durba area in the south and is conformably
overlain by a black shale-sandstone succession
(125 m chick) of the Abu Durba Formartion.
This fluvio-marine to marine facies contains
conodonts and hrachiopods indicating a Middle
Westphalian (= Early Moscovian) age, A more or
less similar Carboniferous succession (175 m
thick) is exposed alang rhe western coasral plain
of the Gulf of Suez in the Abu Darag area.
Marine influence becomes less clear southwards
and che equivalent deposits in the Wadi El-
Dakhel section {Southern Galala} are the sou-
thernmost marine exposures in NE Africa (Jux &
Issawi 1983). 11 the subsurface of the Gulf of
Suez region, this unit is usually referred to as
Nubia “B member” by most oil gealogists.
Fluvial saridstones increase towards Aswan and
Gilf Kebir areas and the Permo-Carboniferous
Gilf Formation (Fig. 4) is the equivalent rock
unic in southern Egypt (Issawi & Jux 1982;
[ssawi & Osman 1993).

The swampy-lagoonal and deltuic intervals have
yielded microfloral elements which are represen-
ted in the North African (particularly Libya,
Loboziak & Clayton 1988), central and northern
Saudi Arabian (Clayton 1995; Owens & Turner
1995), Western European (Clayton et al 1977),
North American (Ravn & Fitzgerald 1982) and
Western Ausrralian (Playford & Powis 1979)
palynofloras by identical or closely similar forms.
This suggests that the Carboniferous vegetation
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of the Abu Thora and Abu Durba formartions
was of cosmopolitan nature and flourished befo-
re the Late Carboniferous glaciation in
Gondwana which marked the beginning of pro-
vincialism in the floras (Kora 1993).

Ourtcrops in the Northern Galala are evidendy of
younger Carboniferous (Kazimovian-Gzhelian)
and Early Permian ages. These deposits (250 m
thick) reflect shallow subtidal-prograding shoreli-
ne and fluviatile conditions of the Aheimer
Formation. This unic is recorded from the west-
ern side of the Gult of Suez only and is overlain
mostly by continental red beds of the Late
Permian-Triassic Qiseib Formation. Equivalent
deposits of the Araqa Formation are restricted to
the subsurface of the northern Gulf of Suez and
central Sinui borehules. The litho- and biofacies
(Fig. 5) encountered indicate that the Aheimer
Formation was deposited from a shallow trans-
gressive-regressive sed, representing probably the
last major invasion of the Tethys Sea to the arca
during the Palacozoic times,

The absence of the Ahcimer Formation from
southern Sinai poines to another uplift that ok
place in the region at the end of the
Carboniferous or duving the Early Permian.
Much of the just deposited Permo-Carboniferous
sediments were removed by erosion as were the
remaining older deposits. The removal of the
older deposits of the Abu Durba Formation from
the central and northern parts of the Um Bogma
area, Sinai suggests that this area was deeper
truncated than the western side of the Gulf of
Suez. Moreover, Carboniferous rocks have not
yet been recorded in castern Sinai, southern
Israel-Palestine nor Jordan, In the Negev Deserr,
Early Permian clastics of the Saad Formation
were recorded from the subsurface overlying the
Precambrian basement and underlying chick
Permo-Triassic succession (Zaslavskaya et al.
1995) reflecting even more deeper truncation.

In the subsurface of the northern Western
Desert, Permo-Carboniferous paralic clastics
equivalent to those of the Gull of Suez include
the Dhiffah and the overlying Safi formarions
(Fig. 6). Similar deposits are recognised from
Cyrenaica in norrheastern Libya (Vachard er al.
1993). The style of Late Palacozoic deposition in
southern Libya and into Algeria seems quite
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unlike that in Egypt (Keeley 1989). Equivalent
deposits in western Libya basins include partly
the Mrar, Assedjefar, Dembaba and Tiguen-
tourine formarions (Bellini & Massa 1980).
Palacobiogeographic relations with Tunisia,
Morocco and the Algerian Sahara were stronger
in the Early Catboniferous than in che Permo-
Carboniferous time (Kora 1995a).

In cencral Saudi Arabia, the Permo-
Carboniferous Unayzah Formation was recorded
from Al Qasim Province and Widyan Basin (Al-
Laboun 1982, 1987; Khalifa 1993). These
swampy-deleaic depasits overlie conformably
older Carboniferous clastics (Fig. 6) equivalent to
the Khalata-Berwath formations (Owens &
Turner 1995), and underlie conformably also the
well-known Late Permian marine rocks of the
Khuff Formation (McGillivray & Husseini 1992;
Al-Aswad & Kamel 1992). These carbonate
rocks represent one of the largest outcrops of
marine Permian in the world, with clastics
increasing southwards.

The Permo-Carboniferous sandstanes are recor-
ded also in the Mosandam Peninsula of northern
Oman (Gharif Formation) and from western
Iran (Faraghan Formation), underlying conform-
ably Lare Permian carbonates (Khalifa 1993). In
the Western Iraqi Descrt, equivalent Permo-
Carboniferous clasucs have been described as the
Gaiara Formation (Nader et 2/ 1993, 1994)
reflecting also swampy-fluviatile condicions.
Time-equivalent rocks in Syria (Fig. 6) include
shallow marine-deltaic subsurface deposits of the
Markada Group (Sawaner and Najeeb forma-
tions) and contnental clastics of the Amanus
Group (Hejl Formation), 1F the thicknesses esti-
mated by Al-Yousset & Ayed (1992) are correct,
then the Syrian Permo-Carbaniferous deposits
(>1000 m in the Palmyrid Trough) will be the
thickest succession ever recorded in the Middle
East, Equivalent less developed deposits have also
been recorded from SE Turkey and northern

Iraq.

CONCLUSION

A unified lithostratigraphic scheme for the Late
Palacozoic succession in the Gulf of Suez region
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is proposed, including from base to top:

— Um Bogma Formation: Middle-Lare Visean,

— Abu Thora Formation: mostly Serpukhovian-
Bashkirnan,

— Abu Durba Formation: Moscovian,

— Aheimer Formation: Kazimovian/Gzhelian-
Early Permnian,

— Qiseib Formation: Late Permian-Triassic.

The Um Bogma Formation is known only from
the eastern side and. the Aheimer Formation is
recorded only from the western side of the gulf;
all other formations are distributed on both sides.

In spire of the fact that borh the Abu Thora and
the overlying Abu Durba formarions, which are
originally described from Sinai, do occur on the
western side of the Gulf of Suez, the complicared
structural parrern of the Abu Darag-Wadt Araba
area makes it difficult ro differentiate in the field
between the clasucs building up these two for-
mations, In rhat case, the name Abu Darag
Formation can be applied for the Carboniferous
succession exposed in that particular area.

The Carboniferous-Permian succession in the
region is bounded by two unconformiries; a pro-
nounced lower one, coinciding with che
Hercynian structural event, resulred in the temo-
val of most of the underlying Early Palacozoic
and rhe basal Early Carboniferous deposits, The
second uplitt took place mostly during the Carly
Permian and led to subsequent ¢rosion of a part
of the Late Carboniterous and all the Early
Permian successions from Simai, It scems that the
Late Permian sea transgression which covered
wide areas in the Near East had not affected
Egypr, since continental red beds (the Qiseib
Formation) of Late Permian-Triassic age overlie
unconformably the Permo-Carboniferous succes-
sion.

The fossil cummunities indicate thar the Permo-
Carboniferous succession of the Gulf of Suez
region was deposited during transgressive/regres-
sive cycles of a subrropical epicontinenral sca
which might have covered the northern parts of
the Eastern and Western Deserrs of Egypt, east-
ern Libya and greater areas in North Africa. The
swampy-lagoonal and deltaic intervals in the Late
Carboniferous succession can be correlated wirh
equivalent deposits from northern and central
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Saudi Arabia, Syria and other countries in the
Near Fast. Since no wmarine Permo-Carboni-
ferous deposits are recorded south of the study
area, it can be concluded that the Gulf of Suez
region and greater areas in Norrh Africa and the
Near East were situared not far from the south-
ern shore of the “lethys Sea during most of the
Permo-Carhoniferous time,

The current knowledge of the Permo-
Carboniferous fauna of the Gulf of Suez region,
though conmining enough clemenrs pointing to a
Iree communication with the thicker marine
Terhyan sequences, is still far from complete.
Excessive investigation of the marine layers in the
Abu Thora, Abu Durba and Aheimer formations
may result in the recognition of more distinctive
fossils. Conodonts and calcareous foraminifers are
necessary microfaunas in calibraring the biostrati-
graphic and palaeogeographic inrerpretations.
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